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Introduction
Photothermal methods have proved
suitable for the testing of composite
[1,2], coatings [3-5], ceramics [6], and
anisotropic materials [7]. In the meth-
ods thermal waves are generated by
sample absorption of modulated or
pulsed laser and s~nsed by using an .
appropriate detection scheme. In this
project, thermal wave is generated by
pulse laser heating of a small volume
of the sample which causes rapid lo-
calized temperature rise up to U 10K
and hence expansion of the surface
layer before the temperature decays to
ambient and subsequently the surface
returns to its original form. The re-
sulted changes in temperature and
hence, in infrared radiation emission
from the sample surface can be con-
veniently detected by a wide-band
infrared detector as in [2-4]. However
.n the case of highly reflecting sample
~ in this work, the thermal infrared
signals were too weak to be directly
detected by using the infrared detector.
Therefore, a laser probe was used in-
stead to monitor the appreciable de-.
formation on the sample surface as It
underwent temperature change. The
shift in the reflected probe beam spot
on a detector depends on the slope of
the deformed surface and to much
smaner extend on index gradient in the
ambient which can be neglected for
sample surface temperature change
around 10K in this work. Hence the .
shift in the reflected probe beam s~ot IS
dependent only on the thermoelastic
property of the
sample.
Materials and Methods
532 nm pulse laser derived rom Spec-
tron Nd:YAG laser is used for heating.
It is focused on to the sample ~ith spot
diameter about 10011m by using a
focusing lens. The He-Ne probe beam
is delivered to the sample heated area
with spot diameter about 15 11m by
using a combination of a pair of adjust-
able mirror and a lens. This arrange-
ment offers flexibility to vary the dis-
tance between centers of probe and
heating beam spot while maintaining
the spot diameter. The detection sys-
tem consists of a fast photodiode and a
monochromater slit. The recorded sig-
nal is digitized and analyzed by using
digital storage oscilloscope (Lecroy
9301A) interfaced with a PC. The
oscilloscope was triggered by a signal
derived from heating beam by using a
photo-detector. All samples were
diamond spray polished (particle size
0.25 11m ) to get a good quality sur-
face of sufficiently flat and low rough-
ness.
Results and Discussion
Typically the photothermal signals
obtained from the samples of alumin-
ium, brass, copper and stainless steel
sharply rise to a peak value before
slowly decay as heat diffuses inti am-
bient and subsequently the sample
surface returns to its original form.
Because of good agreement with the
theory, variation in the laser beam pro-
file [8] and non-linearity effect in the
sample thermoelastic properties is not
causing significant systematic error.
From the visual inspection of the data,
three familiar features are of interest in
this work i.e. rise time, fall time and
amplitude of the signals. The rise time
is consistently decreasing with increa-
sing thermal conductivity, indicating
that the rate at which the surface ex-
pands is dependent on the speed of the
heat conducted in the material. Higher
thermal conductivity materials conduct
heat faster and hence shorter time taken
the temperature to reach maximum.
Thus, stainless steel with lowest ther-
mal conductivity among the samples
tested, displayed slowest rise time and
then followed by brass, aluminum and
copper in turn. Similar pattern of de-
pendence is also evident in the case of
fall time versus thermal diffusivity.
However, the data for sample of brass
is a bit unusual that we believe is due
to the high in-homogeneity of the alloy
sample when was probed at an area of
diameter U 15 11m in this work.
Since the part of the surface area in-
vestigated was taken at random, there
was no way to ascertain that the part
truly represented the bulk property of
the whole sample. Variation of 2-4%
in the sample major compositions (i.e.
Cu & Zinc) is already confirmed from
the manufacturer data {9} taken from
the spots of U 3 mm in diameter.
Otherwise the curves decay faster with
increasing thermal diffusivity as ex-
pected. This is because high therm.a!
diffusivity materials are more efficient
in dissipating heat that leads to faster
decay. On the other hand, signal am-
plitude exhibited opposite trend i.e.
signal amplitude increased with ther-
mal expansion coefficient as expected.
Theoretically, the signal amplitude
changes with the slope of the surface
deformation, which in turn increases
with, surface displacement and hence
thermal expansion of the material.
Conclusions
The results presented new potential of
photothermal technique as applied to
remote examination of laser induced
surface deformation on highly reflect-
ing opaque sample. In particular, from
a single measurement, it has capability
to examine the formation and reduction
of the induced surface deformation and
described them in terms of three im-
portant thermal constants i.e. expansion
coefficient, conductivity and diffusiv-
ity. The indirect detection scheme,
though proved more sensitive in this
work, is much more difficult to operate
in comparison to direct detection by
using an infrared detector. Further
work can be carried out in simplifying
the operation and improving the ability
of extracting information from the
experimental data.
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Benefits from the study
It is a noble technique for non-contact
and non-destructive measurement on
deformed surface. It is also a new tech-
nique that simultaneously retrieves
three important thermal constants from
a single measurement.
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